In a recent report (3), we demonstrated that citrate uptake by corn shoot mitochondria does not depend on this carrier system.
It has generally been accepted that plant mitochondria can actively transport substrate anions by the DC3 and TC carriers demonstrated in animal mitochondria (16, 27) . Pi taken up by symport with protons is exchanged for DC anions such as malate or succinate, which in turn are exchanged for TC anions such as citrate. The energy requirement is met through electrogenic H+ efflux pumping by the respiratory chain.
In a recent report (3) , we demonstrated that citrate uptake by corn shoot mitochondria does not depend on this carrier system. ' Supported by Contract Instead, a major avenue for citrate uptake is by H+/citrate symport, or cotransport. The uptake has a low pH optimum (pH 4.5) and functions in the absence of Pi and/or malate. The importance of H+/citrate cotransport in vivo is unknown; we suggested on metabolic grounds that plant mitochondria are more likely to be involved in citrate export via malate/citrate exchange than in citrate uptake via H+/citrate symport (3) .
However, since the symport system does exist it would be useful to know how specific it is for citrate. This paper reports that several other anions are taken up by the same or a similar mechanism, but less effectively, and only isocitrate is a strong competitive inhibitor of citrate uptake. We also report (9, 13) . When the H -symported anion penetrates slowly ('high resistance'), as in the case of sulfate, the addition of valinomycin opens the H+/K+ antiport as the pathway of least resistance to proton influx, and the mitochondria are, in effect, partially uncoupled in cyclic potassium transport (10) .
Active citrate uptake is about as rapid as that of sulfate. The velocity of citrate uptake at pH 7.5 from 2 mm citrate is about 6 nmol/min.mg (Fig. 6 in Ref. 3) , while the work of Abou-Khalil and Hanson suggests that the velocity of sulfate uptake from 2 mm sulfate is >5 nmol/min.mg and that for phosphate is much higher (1) . As shown in Figure 2, The lack of an obvious single inflectio mersalyl) experiment suggests that citrat ring by several avenues. The inhibitor active uptake might be through energy pression of citrate uptake by exchange DC. As insurance against the latter, fui were done in the presence of 50 ylM mers (16, 27) , and which is in point in the control (no inhibited by low concentrations of tricarballylate (16, 27) and PA Le uptake could be occur- (6) . It is of interest that all compounds with some affinity for the ry action of mersalyl on carrier are a-hydroxy acids (exception: PA), and only DC or TC linkage or through sup-acids have Io values under 10 mm.
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Hanson (12) found citrate to be poorly oxidized at pH 7.5, but could increase the rate of oxidation by lowering the pH to 6.3 in the presence of Pi or sulfate. However, this result was confounded by the observation that lowering the pH also activated endogenous respiration. Is the enhanced citrate oxidation at pH 6.3 due to greater citrate uptake, or is it due to an enhanced capacity for oxidation? Figure 6 compares citrate oxidation at pH 7.3 using 0.4, 2, and 15 mM citrate. No oxidation was obtained with 0.4 mM citrate, and with 2 mm citrate no significant oxidation occurred until Pi was added. With 15 mm citrate, there was no dependence on Pi to initiate oxidation but the mitochondria were uncoupled. Table IV gives data on the response to pH. As reported for oxidation of NADH (11), malate (11, 19) , and to some extent succinate (11), the pH optima for oxidation of both endogenous substrates and citrate is between pH 6 and 7. Even here, however, the citrate oxidation rates and coupling are poor-compare the results with malate (Table IV) . Since oxidation rates and coupling decline sharply below pH 6 where transport is more active, the effects of pH observed by Kimpel and Hanson (12) Table III ). It is most active at pH 4.5, being only 20% as active at pH 7.5 (3). At low pH, some a-hydroxy acids may be transported by this carrier but with very low affinity (Table III) .
(d) Citrate symport has a relatively low Vm (high resistance to transport) and therefore valinomycin acts to reduce, not increase, the extent of uptake (see discussion in "Results").
(e) Citrate is not an effective single substrate for corn mitochondria oxidation, even in the optimal pH range of 6.5 to 6.8. At high concentration, it tends to uncouple, probably by proton entry via the H+/citrate symporter. At physiological concentrations, oxidation was not detected.
(f) Citrate/malate exchange can best be demonstrated at physiological pH with respiring mitochondria which have actively accumulated citrate, and requires an external concentration of malate of more than 2 mm (Fig. 7) . In addition, citrate rapidly effluxes when respiration is blocked.
Recent determinations (15, 23) indicate cytoplasmic pH to be about 7.5. Conceivably, the intermembrane pH of respiring mitochondria would be slightly lower. Malate concentrations can vary, especially in a C4 plant such as corn, but cytoplasmic concentrations seem to be about 1 to 5 mm in roots and stems, with higher levels reached during increased CO2 fixation (17, 18, 21, 22) .
In general, these results support our previous opinion (3) that, under most physiological conditions, the primary direction of mitochondrial citrate transport is efflux in exchange for malate. Citrate is poorly oxidized, so its uptake carrier does not likely function in providing reducing equivalents to the mitochondria. However, shoot mitochondria might become so deficient in citrate at certain points in their development that the operation of the citric acid cycle is impaired. The citrate carrier could then enable the mitochondria to overcome this deficiency even in the face of low cytoplasmic [citrate] as long as the cytoplasmic malate concentration was not sufficient to remove the citrate by exchange.
The ADP carrier appears to function in an analogous manner by supplying mitochondria with ADP when the matrix [ADP] is so low that normal electron transport is impaired (2, 20) .
Corn mitochondria appear to utilize proton symport to accumulate a wide range of anions. Evidence presented in this report suggests the presence of three mechanisms similar to the H+/ citrate symporter: (a) a malate carrier (Fig. 1) operating similarly to the citrate carrier but with an even lower Ki; (b) a mersalylinsensitive Pi and sulfate H+-symporter active at high anion concentration; and (c) an a-ketoacid H+-symporter (Table I) . There is no evidence as yet that the latter two mechanisms are saturatable or have other characteristics of protein carriers.
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